The aim of this experiment was to explore the behavioral effects of various temporal pressures on the anticipatory postural adjustments (APAs) in a complex task. Eighteen handball players performed a handball direct throw in three conditions of temporal pressure: (1) a reactive condition (RC), the throw was initiated as quickly as possible following a visual stimulus; (2) an anticipation-coincidence condition (AC), by synchronizing the impact of the ball with the passage of a visual mobile on a target; and (3) a self-initiated (SI) throw. The whole-body postural oscillation and the acceleration of the wrist were measured before and during the throwing action. Results showed that the delays between the onsets of the postural and focal activities were significantly different between RC and both the SI and the AC conditions. Movement time, time to peaks (negative and positive), are shorter in the RC, intermediate in the AC, and longer in the SI condition. Variability was significantly larger in AC in comparison with RC and SI. These results support the existence of different control modes triggered by the temporal pressure; they demonstrate that these control modes can be generalized to complex intentional movements such as the throwing skill and to an anticipation-coincidence situation.
Voluntary movements can be performed under various conditions of temporal pressure, such as a fast-as-possible response to an external signal, a reactive condition (RC), and a predictive condition in which the movement is self-initiated (SI; Paillard, 1947 Paillard, , 1990 Paillard, Bard, & Fleury, 1989; Bard et al., 1992) . It has been shown that the interlimb coordination of simple movements (heel and finger raising) is modified by the temporal pressure. The observed differences were attributed to some brain processes preceding the initiation of the movement (Blouin, Bard, Doyon, & Paillard, 2004) . However, these experiments were performed when postural requirements were minimal (seated or lying down position). In tasks involving the stability of the body, there are some adjustments that have to be initiated before the beginning of the intentional movement (focal movement); the movement implies anticipatory postural adjustments (APAs) centrally generated as a feedforward mechanism to counteract the mechanical effects of predicted perturbations on balance (Massion, 1992) . Therefore, it is interesting to verify whether APAs are affected by temporal pressure. The literature provides some answers to this question.
In typical APA studies, the subject is asked to upraise his arm (Belenkii, Gurfinkel, & Paltsev, 1967; Cordo & Nashner, 1982; Bouisset & Zattara, 1983 Clément, Gurfinkel, Lestienne, Lipshits, & Popov, 1984) . Data issued from this simple task showed that postural muscles are activated before those directly involved in the execution of the voluntary movement (focal muscles). Moreover, the delays differed whether the movement was performed in a RC or SI condition (Benvenuti, Panzer, Thomas, & Hallett, 1990; Benvenuti, Stanhope, Thomas, Panzer, & Hallett, 1997; De Wolf, Slijper, & Latash, 1998; Slijper, Latash, & Mordkoff, 2002) . The APAs start earlier in the SI condition than in the RC one, and the delay separating the activations of postural and focal muscles is longer in the SI than the RC condition. Both conditions produce the same sequences of activation of postural muscles, but the delays separating the activation of each muscle are different. However, in RC, postural muscles are activated almost simultaneously, whereas in SI, postural muscles are clearly activated one after another (Nougier, Teasdale, Bard, & Fleury, 1999) .
The literature just mentioned support the existence of distinct reactive and self-initiated controls in simple movements. However, there is no data available involving APAs when time is constrained by an anticipation-coincidence requirement (AC) or when the task is complex such as those encountered in sport skills. Therefore, the current work explored the question, How do temporal constraints (RC, SI, AC) influence the coordination of the motor command (APAs vs. focal movement) in a complex task?
The problem of the transfer of conclusions obtained in simple experimental tasks to the real world should not be underestimated given the complexity of the human-environment system. It often appeared that the effects were very specific to the conditions in which they were tested (Heuer, 1988) ; it is hard, in these circumstances, to generalize from these simple (but effective) experimental tasks to more complex and ecological tasks (for a review, see Meijer & Roth, 1988) . For example, Bard et al. (1995) clarified few issues related to the transfer of training from a simple task (pressing a button in coincidence with the arrival of an apparent movement) to a complex task (throwing a disk to intercept an apparent movement). The complexity of the task significantly modified the organization of the motor behavior (constant temporal error, throw initiation time, and throw duration). Furthermore, practice improved performance in the complex task group but not in the simple task group. This is interpreted as a better flexibility in interceptive behavior, allowing motor responses modulation to environmental constraints. This agrees with earlier research (Newell, 1989; McDonald, van Emmerick, & Newell, 1989) that showed changes in motor coordination as a function of practice and the motor task constraints. Similarly, Inglin and Woollacott (1988) found that the timing and the sequence of activation of APAs, associated with arm movement, are modulated by the interaction of age (young vs. aged), task (push or pull), and environmental constraints (simple or complex reaction time).
Because complexity of the tasks affects the motor behavior and practice and/ or age modify motor coordination, it is hazardous to apply the conclusions issued from data generated with a simple and relatively new unpracticed task to a more complex and practiced task.
Sport skills provide good models of well-practiced and complex behaviors. Throwing is one of the fundamental skills in many sport activities. Many factors concur in the complexity of this skill: the speed and the high number of degrees of freedom and joint actions involved (pelvic, spinal, and shoulder rotations; elbow extension; and wrist flexion; Hong, Cheung, & Roberts, 2001) . Each part of the body is part of a kinetic chain involving a specific sequencing of muscle activation to achieve maximal projectile speed and precision (cf. Putnam, 1993) . Even if part of the central nervous system (CNS) deals similarly with simple and complex tasks, considering the multiplicity of the parameters involved, temporal constraints affecting simple tasks might not show such an important impact in a more complex task.
The handball direct throw (feet remaining in contact with the ground) offers a good model of a throwing skill that has to be performed in either reactive, anticipationcoincidence, or self-initiated situations. Because every handball player practices this skill extensively, we postulate that the players have an internal representation of the movement, including prescribed posturo-kinetic schemes. An overlearned gesture appears to be a powerful way to test the effects of temporal constraints in complex tasks. The expected results should show different posturo-kinetic schemes between the three conditions, reflecting differences in the preparatory process.
Revealing the posturo-kinetic schemes in such a movement involving the whole body is a challenge. Controlling the EMG activation in a simple arm-raising task is relatively easy, but in throwing, there are a huge number of muscles implied in the postural adjustments. Even though some muscles could be considered to be major, some remote and hard-to-record muscles (such as deep postural muscles) might have a real impact on the overall coordination. Therefore, it is necessary to find a more global yet sensible index of the posturo-focal activity. We think that a force platform provides a valid and global image of the bodily coordination for complex movements. The posturo-kinetic schemes should be revealed by the ground reaction forces (GRFs), which reflect the global postural activity during the throw, and the acceleration of the wrist, which provides an index of the focal activity. Furthermore, these data should provide evidence to answer the following questions: (1) How is the coordination between postural and focal components of the complex movement affected by the temporal constraints? (2) Is the behavior in anticipation-coincidence situations closer to the reactive or to the self-initiated condition? (3) Are the postural or focal activities affected independently by the temporal constraints?
Methods

Participants
Eighteen male handball players, between 18 and 34 years old, volunteered to participate in this study (mean age = 24.5, SD = 3.1). The subjects gave informed consent according to the procedure approved by the Ethics Committee of the University. Two subjects were not included in the data analysis because of a technical problem with the recording of the ball impact.
Apparatus
A force platform (KISTLER model: 9286A, size: 60 × 40 cm, amplifier model 9865E) was used to record the GRFs along the gravity (Fz), sagittal (Fy), and frontal (Fx) planes. The acceleration of the wrist was recorded using a monoaxial accelerometer (Biopac, TSD109F). A piezoelectric microphone (custom made) provided a marker of the time of arrival of the ball on the target (board).
In the AC condition, the stimulus was video projected (Figure 1 ). The stimulus was the same as the one used by LaRue (2007) , which showed consistent results in the study of anticipation-coincidence of a proximo-distal coordination under time constraint. The stimulus was intended to give a temporal cue for the response; it did not aim at reproducing any real situation. The stimulus consisted of a filled circle moving downward at a constant angular velocity along a 3-D spiral path that was drawn on a virtual transparent vertical cylinder (Figure 1 ). Near the end of the spiral, a timing target was always visible. The mobile reached the timing target in 5100 ms; thus, the subjects had the time to properly judge the trajectory and the timing. The stimulus display was controlled by a custom-made program written in Matlab (R11); a TTL signal was generated at the moment the mobile passed over the target.
The video-projected scene (stimulus) encompassed a target board (50 × 50 cm, delimited by a 1-cm black frame) that the ball had to reach on each throw. The target board was located 3.5 m from the force platform's front edge; its height was set such that its center corresponded to the eye level of each subject. A visual fixation point was drawn (black dot, diameter = 1 cm) in the center of the target board. Finally, in the center of the fixation point there was a red light emitting diode (LED; radius = 2.5 mm) that provided a reactive stimulus for the RC condition only. Thus, in the RC condition, there was no projected stimulus; instead, a red LED was used to provide a visual stimulus requiring an as-fast-as-possible throwing action.
All signals were recorded simultaneously using the Bioware software (Kistler) with an A/D card (Computer Boards, model CIO-DAS1602, 16 bits resolution) set at a sampling rate of 1000 Hz. The data were exported from Bioware to Matlab for treatment.
Task
In all conditions, the subjects were asked to perform handball direct throws at maximal force and velocity that successfully reached the target board ( Figure 1 ). The throwing skill needed no special instruction because it is basic and overpracticed by handball players. However, before the throw, subjects had to take their place on the force platform and stabilize their posture while looking straight ahead at the fixation point in the center of the target board. All throws outside the target board (approximately 2% of all trials) were rejected, and additional trials were performed.
Procedure
Subjects were tested individually in a single experimental session. The accelerometer was firmly attached to the external face of the participant's dominant wrist with adhesive rubbers (accelerometer axis oriented to the internal face of the wrist). Then the subjects were invited to stand on the force platform and to adopt the proper posture to throw the ball. They were free to adopt whatever position but were informed to keep that position in all trials and conditions. Because the subject had to be compared across conditions, the experimenter verified the constancy of the subject's positioning. In practice, the position of the feet remained very stable because the participants were tall (mean height = 1.83 m, SD = 3.9) and tended to use as large a sustentation polygon as possible; thus, all the participants positioned their feet close to the boundary of the force platform. Therefore, the small between-subjects differences in foot positioning that could remain are certainly not important enough to affect APAs. Indeed such effect requires large differences (Robert, Blouin, Ruget, & Mouchnino, 2007) , and most importantly in this study, it The foot contralateral to the throwing arm is positioned forward, while the ipsilateral one is positioned backward. The ball (1; 450 g, circumference = 58 cm) is held with both hands at the thorax level. All participants positioned their feet near the boundaries of the force platform (2; 60 × 40 cm); the between-subjects intermalleolar distance variation (maximum-minimum) was less than 5 cm. (3) Target board of the throw (50 × 50 cm, located 3.5 m from the front of the force platform, height is adjustable to the eye level of the subject). (4) Stimulus video projection for the anticipation-coincidence (AC) signal. The image overlaps the target board. (5) The "mobile" (video-projected moving dot, diameter = 1 cm) set on the AC condition. (6) Eye fixation point (diameter = 1 cm) located at the center of the target board. This point corresponds to the timing target in AC and to the LED in the reactive condition. (7) Accelerometer.
has been shown that large differences (0-40 cm) in foot positioning do not modify the within-subjects APAs durations (Yiou, Hamaoui, & Le Bozec, 2007) .
The subjects were maintained in ignorance of the aims of the study, and they discovered the experimental conditions one after the other. Three experimental conditions were tested: (1) In the reactive condition (RC), the throw was initiated as quickly as possible when the visual stimulus was seen. It was a simple reaction-time condition. The signal appeared randomly, any time during an interval of 10 s. (2) In the anticipation-coincidence condition (AC), we asked the subjects to synchronize the ball impact on the target board with the passage of a visual mobile on a timing target (see apparatus). (3) In the last condition (SI), the subjects had to self-initiate the throw when they felt ready for a perfect shot. The order of presentation of the conditions was counterbalanced across the subjects. Before each condition, a few practice trials were given to familiarize the subjects with the apparatus and condition. Ten valid trials were collected for each condition. The trial was rejected when the throw was outside the target board, when the initial posture was modified, when the throw was weak, or when the subject felt like he missed his throw (for a total rejection rate <5%).
Data Processing
Each trial was treated individually. Recordings of the forces (in the x, y, and z axes) and the wrist acceleration were submitted to algorithms developed in the Matlab (R11) environment to detect six temporal landmarks (Figure 2A ). These landmarks were established after a careful comparison of all recordings to identify the characteristics of the curves that are common to all trials for every subject. They are (1) the onset (the first zero crossing of the second derivative recursively found from the first occurrence of a 10% rise in amplitude), (2) the end (an arbitrary point set on a reproducible characteristic of the trace that occurred in all subjects before the ball impact), (3) maximum (Pmax) and (4) minimum (Pmin) amplitudes of the central wave* of the trace, (5) stimulus (in RC and AC conditions), and (6) the ball impact. Every individual recording was visually checked to correct any marking errors. It is interesting to note that some trials were recorded with a DV camera (resolution 40 ms) to relate the landmarks of GRFs and acceleration to the kinematics of the movement. The most informative data are the moment of the release of the ball, which occurs near the zero crossing or the positive peak of the acceleration (Figure 3) .
Consistency across trials for each subject and condition was checked using another Matlab program. This is especially useful to check for marking errors. The traces were standardized according to the duration of the movement, synchronized, and finally superimposed ( Figure 2B ). The low variability (computed as the area encompassed by the ±SD; Figure 2C ) throughout traces implies a reproducible behavior of the movement across trials. This second program graphically revealed * Maximum and minimum points are marked according to the general form of the traces. Thus, for some trials, the points marked do not represent the actual max or min amplitudes of the trace, but the maximum and minimum of the main wave of the trace that is common to all trials.
Figure 2 -Illustration of data processing-in this example, the y ground reaction force in the self-initiated condition. A shows a single trial for the considered force. The amplitude is normalized but time is not. The vertical landmarks are the onset (left) and the end (right). First positive peak and its following negative peak are shown as filled and empty circles, respectively. B illustrates the 10 trials of a single subject; the traces are standardized according to the movement time such that the total movement time is 100%. Each trace begins at -25% of the total movement time. C shows the average trace and its standard deviation of all marked curves in a single subject for a given condition.
any mistake in a given trial. Again, any error in automatic marking of a given trial was corrected after a careful visual inspection.
We are interested in the temporal organization of the commands; therefore, we focused the analysis on the temporal parameters of the traces. Six delays were defined from the landmarks: (1) The delays between force (in x, y, and z) and acceleration onsets (DFAs) were calculated for each trial; positively signed delays are always found and represent the APAs preceding the focal movement (acceleration of the wrist). Any recording (forces and acceleration) following the acceleration onset was considered to be mainly the result of the focal movement.
(2) The movement time (MT) was defined as the time interval between the first rise of the trace and the end point. (3) Time to positive peak (Tmax) and (4) time to negative peak (Tmin) were represented by the delay between the onset and the maximum and minimum amplitudes, respectively. (5) Time to impact (Timp) was the delay between the onset and the ball impact. (6) For each variable, the index of variability (IV) was computed as the standard deviation divided by its mean.
Statistical analysis consisted of MANOVAs with repeated measures (Statistica V5.1 in GLM module) and Tukey's HSD post hoc tests. Statistical significance was set at p ≤ .05. To protect against Mauchly's sphericity assumptions violation, the p values were adjusted using the Geisser-Greenhouse (G-G) epsilon. Figure 4 shows the comparison of the delays between GRFs onsets (postural activity) and the wrist acceleration onsets (focal movement; DFA); a positive variation indicates that the postural activity onset preceded the focal activity (arm movement). Post hoc tests revealed that the DFAs in RC were significantly shorter than those of the SI and AC conditions. The DFAs in SI and AC were not statistically different. In RC, GRFs occurred almost at the same time (48, 50, and 65 ms in the z, x, and y axis, respectively) before the focal onset (wrist acceleration). However, DFAs were longer and more distinct (100, 150, and 190 ms in the z, x, and y axis, respectively) in SI and AC. Therefore, the initiation of the postural activity, relative to the focal movement, occurred earlier in the nonreactive conditions, as illustrated in Figure 3 . Figure 5 shows that the various durations were significantly shorter in the RC condition than in the SI and AC conditions. The same analysis showed a significant interaction between condition and trace factors for the MT, Tmin, and Timp temporal variables ( Figure 5 ; Table 1 ). So, the experimental conditions affected the behaviors differently depending on the axis considered. This interaction was the result of shorter sagittal (y) and frontal (x) durations in the RC condition relative to the AC and SI conditions, which did not differ from each other. Indeed, this gesture involves important displacements on these two axes: initially for the windup of the arm and later for the propulsion of the ball forward.
Results
Delays Between Force and Acceleration Onsets (DFA)
We finally controlled whether the focal movement was executed in a similar way across the conditions. The acceleration temporal variables did not show any significant differences between conditions (MT [ Figure 5 ], Tmax, Tmin, Timp). Moreover, the acceleration amplitudes were tested using (three-condition) repeated ANOVAs for the positive and negative peaks of acceleration. There were no significant effects of condition [F(2, 30) = 0.48, p > .62; F(2, 30) = 2.44, p > .1, respectively, for maximum and minimum peaks]. Finally, the variability of the acceleration data did not show any significant differences between conditions, neither in temporal variables [exp for Tmin, F(2, 30) = 2.27, p > .1] nor in amplitude [F(2, 30) = 0.48, p > .6; F(2, 30) = 0.19, p > .8 for maximum and minimum peaks, respectively]. The absence of significant difference from any acceleration variables (temporal, amplitude, variability) implies that there were little or no variations of the focal movement across the experimental conditions.
Variability
The index of variability was analyzed using the same statistical method as the temporal variables. There was a main effect of the condition and a main effect of the trace on the MT, Tmax, and Tmin variables (Table 1) . Post hoc tests revealed a significantly larger variability in the AC condition compared with the SI and RC conditions. It is worth noting that the variability of the Timp in the AC condition was weak and not significantly different from the variability in the RC and SI conditions (no effect of the trace and no Condition × Trace interaction; Table 1 ). 
Discussion
The aim of this study was to explore the behavioral effects of various temporal pressures on the APAs in a complex task. To our knowledge, this is the first study using an overlearned complex skill that involved the whole body. The absence of such a study in the literature might come from the generally accepted idea that automated skills reproduce similar behavioral patterns from one trial to the next. Therefore, bearing in mind that the APAs are considered to be tightly connected with the focal activities, it is probably assumed that the APAs and focal behaviors would be stable across conditions. However, literature reports have shown that the coordination of upper-and lower-body effectors is affected by the time constraints in a task (Paillard et al., 1989) . Similar results have been shown in a classical armraising task, implying APAs (Nougier et al., 1999) . It remained to be demonstrated whether these behaviors could be shown in an "automated" complex skill.
Validity of the GRFs as an Index of APAs
With the task being complex, the use of EMG recording is unrealistic because it is impossible to record the activities of all implied muscles; unrecorded muscle could always initiate the APAs. Conversely, any postural muscle activity should produce a recordable GRF. That is probably why some studies assessed APAs with a force platform and the EMG of the focal muscle (Do & Yiou, 1999) or only a force platform (Yiou et al., 2007) . Still, we ran a control experiment to check whether force-platform recordings are a valid representation of the APAs muscles activities. Ten subjects performed the classical arm-raising task (cf. Nougier et al., 1999) on the force platform with the accelerometer attached to the wrist; EMGs were collected from postural muscles (gastrocnemius, tensor fascia latae, semitendinosus) and the main focal muscle (anterior deltoid). Delays were computed using the same procedure used in this experiment. As expected, results showed that the EMG onsets of these postural muscles and the onset of GRFs (in x, y, z) occurred before the focal anterior deltoid EMG onset. Furthermore, APAs delays were computed according to the EMG data set and the GRFs-accelerometer data set. Most interestingly, there is a significant correlation (r = .78, p < .007) between the delays obtained from both data sets. Therefore, there is a close relationship between the EMG activities, body movements, and GRFs in such a simple and well-controlled task. Yet, the unexplained variance (39% of the total variance) might be due in a large part to the EMG activities of unrecorded muscles. These observations support the validity of the force-platform and accelerometer recordings as indicators of the posturo-kinetic schemes, especially for complex tasks.
Modulation of DFA and Task Complexity
According to the posturo-kinetic capacity theory (Bouisset & Le Bozec, 2002) , the performance of the focal component of the motor task tightly depends on the ability of the postural component to develop efficient anticipatory dynamics (Yiou et al., 2007) . Therefore, a more complex task should show longer delays between postural and focal activity. This is obvious when we compare our results to the ones obtained from simpler tasks (Benvenuti et al., 1997; De Wolf et al., 1998; Nougier et al., 1999; Slijper et al., 2002) . For instance, the current results show minimum values of 50 and 100 ms (in RC and SI, respectively), which are much higher than the maxima (30 and 50 ms, respectively) observed by Benvenuti et al. (1997) or Nougier et al. (1999) .
However, one could object that the longer delays might be the result of the parameters used. Indeed, previous studies used EMG recording to compute delays; whereas, ours compare the onsets of the GRFs (postural) and the acceleration of the wrist (focal). This difference in protocol should not have a large impact on the delays. First, the GRFs are the consequences of the transmission of the internal forces and torques (muscles activities) through the whole body to the support surface. Secondly, the wrist displacements are mainly the result of the contractions of the arm muscles. Moreover, Bard et al. (1992) showed that the delays separating the initiation of the movements of the finger and the heel were the same when measured either from EMG activities or mechanical responses. As reported earlier, the correlations between the delays of GRFs versus acceleration and postural EMGs versus focal EMGs indicate a very close relationship between the EMG activities, body movements, and GRFs. Therefore, the task complexity appears to be the best explanation of the longer delays in this study compared with the other studies that used simpler tasks.
Change in the Timing Between the Onsets of Postural and Focal Activity
Experimental conditions (SI, AC, RC) modified the timing of the throwing task notwithstanding the identical instructions concerning the throw itself. Thus, as expected, the imposed temporal constraints affected the coordination between the postural and the focal activity. This is especially obvious when we consider the delay (DFA) separating the onset of postural activity and the onset of the acceleration of the limb directly involved in the movement (focal activity). It must be remembered that in all conditions, GRF activity occurred before (in time) the wrist acceleration, which is when APAs occurred.
The significantly shorter DFAs in the RC condition compared with the ones of the two other conditions indicate, as Paillard et al.'s model (1989) predicted, quasi-simultaneous releases of the central commands (focal and postural activity). Therefore, it seems that a motor program, involving a single command for both the activity of the postural and the focal muscles, is established. This finding is consistent with the single-process hypothesis, which predicts that APAs and focal movement are different peripheral consequences of a unique central command (Aruin & Latash, 1995) .
Moreover, in our data, it must be stressed that the sequence of the GRF activations was similar between conditions, but in RC, the activations occurred almost simultaneously (within 17 ms) in the three planes of the movement (x, y, and z). Thus, the onset of the focal movement was time locked with the postural activity, allowing simultaneous body displacements in the three planes. As discussed by Nougier et al. (1999) , this could be related to a "presetting" mechanism in which the specification of muscles parameters would occur almost simultaneously. Riehle and Requin (1989) showed a similar mechanism in monkeys, in which a progressive increase of neurons excitability involved in the specific programming operations of direction of movement were related to the response signal and correlated to the reaction time. This supported the idea of a programming consisting of assembling separate processes of different durations (Riehle, 2005) . Similarly, the fact that, in our data, the APAs were no more time locked in the AC and SI conditions suggests that the APAs were programmed before the movement onset and that they could be considered to be a distinct process. Thus, in the RC condition, the observed behavior is compatible with a "hierarchical" mode of coordination between posture and movement (Massion, 1992 (Massion, , 2004 , whereas the behavior in AC and SI is a sign of a "parallel" mode. The following discussion will clarify this.
Contrary to RC, both the AC and the SI conditions do not imply a strong temporal pressure because the movement onset is then highly predictable. Therefore, it seems logical to start APAs earlier to allow an anticipated regulation of the disturbance caused by the movement (Massion, 1992) . This is supported by the fact that the GRFs occur much earlier in relation to the focal movement acceleration and by the fact that they appear distinctly one after the other. That is, the first activation is observed in the anteroposterior axis (y) and followed by the activation of the frontal (x) and vertical (z) axes. Similarly, Nougier et al. (1999) reported that the postural muscles are activated one after the other in a self-initiated situation, whereas in the reactive condition, these muscles are activated almost simultaneously. Since the movement is mainly performed along the y axis, it is logical to think that the APAs are related to the forthcoming disturbance produced by the focal movement. That suggests a programming of the postural activity that takes into account the extent of the expected disturbance in the direction of the movement.
However, because the large displacements in the sagittal axis (y) are certainly related to the windup of the arm, one could object that the differences reported are caused by a stronger action of the arm in RC and not by the temporal organization of the command. The literature provides some argument against that hypothesis. Lee, Buchanan, and Rogers (1987) showed that the timing of the postural adjustments in rapid arm flexions was not related to the amplitude of the arm acceleration. They also showed that the recruitment order of the postural and focal muscles was influenced more by the so-called "behavioral conditions" (which consisted of selfinitiated flexions and flexions cued by a moving target that started after a variable foreperiod) than by the mechanical demands (arm speed) of the task. Moreover, Nougier et al. (1999) tested a simple arm-raising task and showed that the APAs occurred sooner in a self-triggered than in a reactive condition even though the acceleration of the arm was kept constant across conditions and trials.
We did not find any experiments testing the APAs in an anticipation-coincidence situation such as our condition. Nevertheless, in terms of motor programming, it seems that, in AC and SI conditions, APAs and the focal movement are generated by two distinct programs (dual process; Massion, 1992) . To coordinate the postural and the focal activity, the CNS postpones the sending of the command generating the focal movement (Slijper et al., 2002; Bazalgette, Zattara, Bathien, Bouisset, & Rondot, 1987) . This does not mean that the APAs do not precede the focal movement to minimize the postural perturbations during movement execution, but that the temporal coordination is different. The afferent information from the postural and the focal muscles would contribute to the timing of both commands (Paillard et al., 1989; Bard et al., 1992; LaRue, 2007) . The sensory consequences of the planned action are expected accordingly to the goal image; thus, the afferent information about the posture gives the correct timing of the focal onset.
Differences in the Preparation Process Between SI and AC
Our results indicate that the CNS can vary the timing of postural and focal commands to cope with different temporal constraints and show that there are at least two modes of control of the execution of an intentional movement. The presetting mechanism controls the motor activity under strong temporal constraints (reaction time), and the preprocessing intervenes when the temporal constraint is weak (selfinitiated) or intermediate (anticipation-coincidence). Considering that there was no significant difference between our SI and AC conditions, can we conclude that these two conditions are similar? In both conditions, the movement is constrained by the goal image and some preprocessing (total or partial programming) is implied (Riehle & Requin, 1989) . However, the programming of the movement is probably partial in the AC condition because an evaluation of the internal and external sets is required to make continuous adjustment in relation to the mobile displacement (Tresilian, 1995; LaRue, 2007) . The partial programming is supported by the significantly larger variability in the AC condition, in all variables. This is probably the result of the fact that the subjects adjust the displacements of their body segments in relation to the timing of the mobile, whereas they totally program their response in the SI condition and develop a precise movement pattern. This is supported by the variations of the index of variability: a larger variability (Table 1) is compatible with an anticipation-coincidence strategy consisting of adjusting the posture and the displacements of the body segments in relation to the changing position of the mobile, so the subjects modify their behavior during the throw in each trial.
Likewise, LaRue (2007) found some differences between AC and SI conditions. The best explanation was related to the increased variability (in AC) at the level of the anticipated perception of the collision between the mobile visual stimulus and the target or a possible competition between the perceptuo-motor processes involved with those of the adjustment of the motor-command release.
How Postural and Focal Patterns Are Affected by the Temporal Constraints
It seems that the temporal constraints influence more the postural than the focal activity. On one hand, the temporal patterns of the arm movement are similar across the three conditions as indicated by the absence of significant differences in the temporal variables (MT, Tmax, Tmin, and Timp) and the amplitudes of the arm acceleration. On the other hand, there are significant differences between conditions in the GRFs temporal variables. All together, the temporal constraint conditions mainly affect the postural activity. Similarly, Nougier et al. (1999) compared APAs in an arm-raising task in the self-triggered and reactive conditions; timing of the APAs occurred sooner in the self-triggered than in the reactive condition. In their experiment, the arm raising was executed at a constant speed, and the similarity of the arm movement in both amplitude and time was controlled with an oscilloscope. Lee et al. (1987) showed that the recruitment order of the postural and focal muscles was influenced more by behavioral factors (conditions) than by the mechanical demands (arm speed) of the task.
Conclusion
This study corroborates the existence of different timing strategies for intentional movements with respect to the time pressure of the situation. It confirms that the anticipation-coincidence situation constitutes an intermediate level of time constraint in between reaction time and self-initiated situations. More importantly, this study extends the literature data to more complex tasks, such as those encountered in sport skills, requiring a coordinated action of the whole body. Accessorily, this study demonstrates the validity of using force-platform recordings to study the timing of complex tasks.
To our knowledge, this constitutes the first data set regarding the APAs in an anticipation-coincidence task. Even though the AC condition produced behaviors close to the ones observed in the SI condition, it is worth noting that the larger variability observed in the AC condition suggests different strategies and/or preparatory processes from those observed in SI situations. More research is necessary to identify and quantify these processes.
